We determined the PCR ribotypes and antimicrobial susceptibility patterns of 508 toxigenic Clostridium difficile isolates collected between 2011 and 2013 from 32 U.S. hospitals. Of the 29 PCR ribotypes identified, the 027 strain type was the most common (28.1%), although the rates varied by geographic region. Ribotype 014/020 isolates appear to be emerging. Clindamycin and moxifloxacin resistances (36.8% and 35.8%, respectively) were the most frequent resistance phenotypes observed. Reduced susceptibility to vancomycin was observed in 39.1% of 027 isolates.
T
he epidemiology of Clostridium difficile infection (CDI) continues to evolve; however, there are relatively few reports on strain types and antimicrobial susceptibility test (AST) patterns for C. difficile isolates from the United States. This makes assessing changes in epidemiology difficult. This study examined the PCR ribotypes and the AST patterns of a convenience sample of 508 C. difficile isolates from the United States and compared them to results from recent studies (1) (2) (3) (4) (5) .
(These data were presented in part at the 2013 Interscience Conference on Antimicrobial Agents and Chemotherapy, Denver, CO.)
Stool samples containing toxigenic C. difficile isolates were collected between May 2011 and April 2013 from 508 unique patients at 32 hospitals in the U.S. Northeast (n ϭ 180), South (n ϭ 84), Midwest (n ϭ 78), and West (n ϭ 166) and then shipped in anaerobic transport medium (Anaerobe Systems, Morgan Hill, CA) to a central laboratory. The samples were inoculated into cycloserine cefoxitin mannitol broth with taurocholate and lysozyme (CCMB-TAL) and subcultured to prereduced anaerobically sterilized (PRAS) Brucella blood agar plates (Anaerobe Systems). The cultures were incubated anaerobically at 35°C, and the organisms were identified as previously described (3, 6 ).
The isolates were tested for susceptibility to clindamycin, metronidazole, moxifloxacin, rifampin, tetracycline, and vancomycin, using Etest strips (bioMérieux, Marcy-l'Étoile, France) (7), as previously described (3). The MIC results were interpreted using Clinical and Laboratory Standards Institute (CLSI) document M11-A8 (8) . Tetracycline resistance was defined as an MIC of Ն16 g/ml (9) . Reduced susceptibility to vancomycin was defined as an MIC of Ͼ2 g/ml (10). Agar dilution testing using the CLSI reference method (8) was performed to confirm reduced susceptibility to vancomycin. We tested for the presence of vanA and vanB using the primers and probes in the Xpert vanA/vanB assay (Cepheid, Sunnyvale, CA) (11) . PCR ribotyping was performed as previously described (2) . The results were compared to those from a subset of 43 type strains from the Cardiff ribotype collection. Ribotypes 014 and 020 and ribotypes 078 and 126 were grouped together as previously reported (5 some of which were present in multiple geographic regions. Ribotype 027 was the predominant strain type (28.1% of isolates), although its prevalence varied by geographic region and was the highest in the Northeast (40.0%) and the South (38.1%) (Fig. 1) . The next most frequent ribotypes were 014/020, 106, 001, 053, and 002. In the West, isolates of ribotype 014/020 were more common than those of ribotype 027 ( Fig. 1 ). Ribotype 106 was primarily found in the Northeast and the West but was sporadically found in the Midwest and the South. Ribotype 001 represented 9.6% of the isolates from the West but was rare elsewhere. Approximately 36% of the isolates were resistant to either clindamycin or moxifloxacin. Ribotype 027 isolates had the highest rate of moxifloxacin resistance (92.3%), followed by ribotypes 053 and 001 (Table 2) . Rifampin resistance was observed in 11.2% of the isolates, including 35.7% of the ribotype 027 isolates. Ribotype 053 had the highest proportion of clindamycin resistance. Tetracycline resistance was observed in only 6.7% of the isolates, primarily in ribotypes 046 and 017. Decreased susceptibility to vancomycin was observed in 13 .2% of the isolates tested, including 39.1% of the ribotype 027 isolates. The vancomycin Etest results were confirmed via agar dilution on a subset of 10 isolates; all of the results showed vancomycin MICs of 4 g/ml. Neither the vanA nor the vanB gene was present in any of the isolates with decreased vancomycin susceptibility. Resistance to Ն3 antimicrobial agents was noted among ribotypes 027, 053, 001, 017, 046, and 023. Overall, 30.8% of 027 strains were resistant to moxifloxacin, clindamycin, and rifampin, and 18.2% were resistant (or nonsusceptible) to 4 antimicrobial agents, including tetracycline and/or vancomycin. Each of the 508 isolates was susceptible to metronidazole, although the Etest may not be the optimal method for assessing resistance to this drug (12) . Using a statistical model (Fisher's exact binomial, two-proportion model), we compared the results of our 2008-2009 study from the midwestern and western regions of the United States with the ribotype distributions of the C. difficile isolates observed in the present study in the same regions (data from the Northeast and the South were lacking in the 2008-2009 survey). Our data show a significant change in the overall proportion of ribotypes observed (P Ͻ 0.0001). This is driven primarily by changes in ribotype 027, the prevalence of which decreased significantly in the West (P Ͻ 0.007) while remaining unchanged in the Midwest (P ϭ 0.219), and ribotype 014/020, the prevalence of which increased significantly in both the West (P Ͻ 0.0001) and the Midwest (P Ͻ 0.046). The observed frequency of ribotype 014/020 isolates in our current study is consistent with the data from a 2011 study reported by Waslawski et al. (1) (Table 3) . Interestingly, data from the Nationwide Inpatient Sample of the Healthcare Cost and Utilization Project (see www.hcup-us.ahrq.gov/nisoverview.jsp) showed that patients in the West and Midwest who were discharged with a primary diagnosis of CDI in 2011 had lower mortality rates and lengths of stay than did patients discharged in the South and Northeast, where ribotype 027 isolates are more common, according to our data and those of Waslawski et al. (1) . This is consistent with recent reports of 027 strains causing more severe disease (13) , although a direct relationship has not been determined.
The increased prevalence of ribotype 014/020 isolates in our study is also consistent with a recent report from England by Wilcox et al. The overall proportions of resistance in 2011 to 2013 were similar to those in our previous study, although clindamycin resistance decreased significantly for ribotypes 017 and 078/126 (data not shown). Of the 302 isolates tested with vancomycin in our study, 40 (13.2%) showed reduced susceptibility, similar to that shown in other recent studies (14) (15) (16) .
The ribotype 014/020 isolates in our study were typically susceptible to most antimicrobial agents, similar to data reported from European studies (17) . The low levels of resistance of 014/ 020 strains (18) raise the question of what other factors are responsible for its increased frequency. Janezic et al. (19) showed that 014/020 was the most frequently isolated strain from humans, animals, and the environment between 2008 and 2010, while Pasquale et al. (20) reported that C. difficile from edible mollusks also Our study has several limitations. First, the 508 isolates examined represent a convenience sample in which different diagnostic procedures at the collaborating hospitals may have enriched certain strains over the others. Additionally, our 2008-2009 study was limited to isolates primarily from 6 hospitals in the western and midwestern United States, while the current study included isolates from 32 hospitals. While there are now Ͼ400 ribotypes described (23), we had access to only 43 control strains. Even so, all but 16.7% of our isolates provided known ribotypes. The availability of additional ribotype controls in the future will be important for further defining our unknown ribotypes, some of which are clearly represented throughout the United States.
In conclusion, our typing results are similar to results reported from recent studies in the United States and suggest that ribotype 027 remains a significant cause of CDI. However, other strain types, particularly ribotype 014/020, are gaining in prevalence. 
